tive for treatment of respiratory failure associated with acute cardiogenic pulmonary edema and exacerbation of chronic obstructive pulmonary disease. [1] [2] [3] [4] Its usefulness has also been suggested for other acute respiratory failures, such as in postoperative 5 and immunocompromised patients. 6 However, delirium and agitation cause serious complications, 7, 8 and even if indicated, NIV sometimes fails with these complications. 9 In this study, we hypothesized that dexmedetomidine would be effective as a sedative during NIV, and investigated whether dexmedetomidine can be used without adversely affecting the respiratory state of patients on NIV.
METHODS
The study was approved by the Committee on Human Subjects of Nippon Medical School. Although all patients received information about this study as a part of the process of informed consent, their understanding was insufficient because of agitation. Therefore, the information was provided to the patient's next of kin, whose consent was obtained before study entry.
The study population consisted of 10 patients with acute respiratory failure who were given NIV because of dyspnea of sudden onset, typical findings on chest radiograph (e.g., bilateral infiltrates, perihilar bat wing appearance, Kerley B lines, etc.), or signs of acute respiratory distress defined by hypoxemia (Pao 2 /Fio 2 Ͻ200 mm Hg), and who were admitted to the intensive care unit (ICU). Inclusion criteria were patients receiving NIV who were subsequently uncooperative rated as 1 on the Ramsay score and ϩ1 or more on the Richmond Agitation-Sedation Scale (RASS) ( Tables  1 and 2) . 10, 11 Exclusion criteria were poor respiratory state requiring immediate intubation, severe hemodynamic instability, hepatic failure, renal failure, digestive tract hemorrhage, or a do-not-resuscitate or do-not-intubate order. NIV was performed using a BiPAP Vision respiratory support system (Respironics Inc., Murrysville, PA).
After confirmation of response level (as measured by both Ramsay score and RASS score), administration of dexmedetomidine was started either at an initial loading dosage of 3 g ⅐ kg Ϫ1 ⅐ h Ϫ1 over 5 min, followed by continuous infusion at a dosage range of 0.2 g ⅐ kg Ϫ1 ⅐ h Ϫ1 to 0.7 g ⅐ kg Ϫ1 ⅐ h Ϫ1 , or by continuous infusion at a dosage of 0.7 g ⅐ kg Ϫ1 ⅐ h Ϫ1 . The infusion rate was adjusted to maintain a target sedation level of Ramsay score 2-3 and RASS score 0 to Ϫ2. The following evaluation Table  3 . At baseline, all patients showed response levels of Ramsay score 1 and RASS score 1.5 Ϯ 0.8. Maintenance of Ramsay scores at 2.94 Ϯ 0.94 and RASS scores at Ϫ1.23 Ϯ 1.30 and obtainment of effective sedation were demonstrated in all cases during dexmedetomidine infusion (Figs. 1 and 2) .
RESULTS

Patient baseline characteristics are shown in
Baseline measures were taken within 5.7 Ϯ 7.6 h (range: 10 min to 16.5 h) from the time NIV was started. The total infusion time of dexmedetomidine was 16.5 Ϯ 9.7 h (range: 9.3-43.7 h). Start settings of NIV were nine in CPAP and one in Bilevel-PAP mode at the time of dexmedetomidine start ( Table  3) . One of nine patients managed in CPAP mode was switched to Bilevel-PAP (30 min after the start of dexmedetomidine infusion), and one patient managed in Bilevel-PAP mode was switched to CPAP mode 30 min after the start of dexmedetomidine infusion. Although heart rate and arterial blood pressure decreased as intended, neither bradycardia nor excessively low arterial blood pressure was induced (Table 4 ). Respiratory rate decreased as intended 2 h after the start of dexmedetomidine infusion. The Pao 2 /Fio 2 ratio and Paco 2 improved significantly ( Table 4 ). All patients were successfully weaned from NIV, with none intubated, and all were discharged from the ICU alive. Other types of sedatives and analgesics were administered in two patients during dexmedetomidine infusion. One patient strongly wished to sleep in the night, and was infused with propofol at 20 mg/h for 6 h. Another patient was treated with 2 mg morphine for cardiogenic pulmonary edema.
All patients could cough and expectorate without assistance. None developed pneumonia during their stay in the ICU.
DISCUSSION
The present study used dexmedetomidine in patients who became agitated during NIV, and demonstrated its efficacy for sedation. In this study, all patients were successfully weaned from NIV and discharged from the ICU without experiencing aggravation of the respiratory state. All patients satisfied the target criteria of a Ramsay score of 2 or more and a RASS score of 0 or less within 1 h, experiencing adequate sedation even at low initial loading dose or without an initial loading dose. Although the present study showed no substantial changes in hemodynamics in any patient, an initial loading dose of dexmedetomidine may cause cardiovascular adverse drug reactions such as hypertension, hypotension, or bradycardia. 12 Results of this study suggest that for agitation at the level of severity seen in the present population, dexmedetomidine initiated at a low initial loading dose followed by continuous infusion can provide adequate sedation and safer control, compared with conventional sedatives. In conclusion, the present study demonstrates that dexmedetomidine, a sedative unlikely to cause respiratory depression, provides the possibility of achieving effective sedation 
